INTRODUCTION {#sec1-1}
============

Preterm birth by World Health Organization defined as childbirth occurring at \<259 days of gestation or 37 completed weeks since the 1^st^ day of the women\'s last menstrual period (LMP) and its frequency ranges is from 5% to 13% in high income countries and the incidence is increasing.\[[@ref1][@ref2]\] Higher morbidity and mortality rates was observed in infants born prematurely compared with term-birth infants.\[[@ref3]\] Furthermore, in almost all high-income and middle-income countries is the leading cause of child deaths and perinatal morbidity and mortality world-wide.\[[@ref4]\] The rate of annual neonatal deaths is reported 3.1 million in the world, which, preterm birth complications are estimated to be answerable for 35% of them.\[[@ref4]\] Either, in children under 5 years old, after pneumonia, is the second most common cause of death\[[@ref5]\] and has lifelong effects on increased risk of cerebral palsy and an increased risk of chronic disease in adulthood.\[[@ref6]\] Across the globe, preterm birth is an important perinatal health problem with respect to short- and long-term morbidity and financial implications and has high economic and social cost in terms of neonatal intensive care, for families and health care systems.\[[@ref7][@ref8]\]

Spontaneous preterm birth is known as the cause of around half the preterm births, for which there are no known effective prevention measures.\[[@ref1]\] Early detection of preterm labor is hard because primary symptoms are often mild and later symptoms often occur too late to intervene.\[[@ref9]\] Obstetrical history or symptoms and epidemiological risk factors, as usually used methods to predict preterm delivery, are neither sensitive nor specific.\[[@ref10][@ref11]\] Prevent unnecessary and potentially risky interventions and reduce treatment costs may occur in the presence of a method to rapidly and accurately differentiate women who are probable to deliver preterm infants from those who have apparent preterm labor and are unlikely to deliver prematurely.\[[@ref10]\]

Cytokines have been explored as biomarkers of impending preterm labor but there is a paucity of data in the current literature concerning the association between maternal serum concentrations of interleukins 6 and 8 (IL-6 and IL-8) and preterm delivery.\[[@ref12]\] The presence of increased concentration of IL-6 and IL-8 in a variety of biological fluids including maternal and/or fetal blood, amniotic fluid, urine, cervical and/or vaginal secretions and placental tissue is an independent risk factor for preterm labor.\[[@ref13][@ref14][@ref15][@ref16][@ref17][@ref18]\] Some studies observed that elevated maternal serum IL-6 concentration is a risk factor for preterm birth \<32 weeks;\[[@ref7][@ref9][@ref19]\] conversely, other study stated that maternal serum levels of IL-6 and IL-8 were not increased in preterm labor compared to normal control women.\[[@ref20]\]

Even though tocolytics have not been shown to improve neonatal outcomes, they are an important intervention in obstetrics to delay preterm delivery.\[[@ref21][@ref22]\] The aim of tocolysis is to delay preterm delivery long enough for antenatal corticosteroids to be administered or for the mother to be transported to a tertiary care center, thereby reducing neonatal morbidity and mortality.\[[@ref23][@ref24]\] The use of tocolytic agents in contemporary obstetric practice should be customized and based on the available evidence base for efficacy and fetomaternal safety, gestational age, the maternal condition and potential side-effects of the drug.\[[@ref25]\] Magnesium sulfate is one of tocolytic agents which the administration of this to women at risk of preterm birth helps to protect the baby\'s brain, reduce rates of cerebral palsy and improve long-term neonatal health outcomes and despite maternal side effects, magnesium sulfate is commonly used for tocolysis.\[[@ref21][@ref26]\]

The present study was designed to hypothesized two purposes; first, evaluation of maternal serum concentrations of IL-6 and IL-8 in the prediction of women at risk of preterm and second; the evaluation of maternal serum concentrations of IL-6 and IL-8 in the prediction of response to tocolytic treatment in these women.

MATERIALS AND METHODS {#sec1-2}
=====================

Between May, 2012 and October, 2012 a total of 150 singleton pregnant women who had been referred to "Shahid Beheshti" hospital in Isfahan, Iran, were included in the present investigation. The Institutional Review Board at the Isfahan University of Medical Sciences approved the study and all participants provided signatures for informed consent. Seventy five women with the diagnosis of new-onset preterm labor made up the case group. Preterm labor was defined as painful contractions at least every 10 min, documented, despite hydration, for 1 h on an external tocodynamometer or regular labor detected by cardiotocography resulting in a cervical change. None of the women in case group showed clinical signs of infection or of any other maternal or fetal complications. The control group consisted of 75 healthy women in term labor, with uncomplicated gestation.

Criteria for study inclusion in the review were age range between 18 and 35 years old, singleton pregnancy, gestational age of 24-34 complete weeks (was proved by LMP and sonography in the first trimester of pregnancy), less than five parturition, no history of type 1 or 2 diabetes mellitus, hypertension, cardiovascular disease and infectious diseases. Exclusion criteria were: Contraindication by using tocolytic drugs, fetus or amniotic fluid anomaly, uterian or cervical abnormality, emerging some undesirable conditions during parturition such as preeclampsia and abruption.

Baseline data were collected to assess comparability of the study groups, also, serum that was collected at gestational age of 24 and 34 weeks was analyzed for determined the levels of IL-6 and IL-8 using immunoassay method. After that tocolysis in women in case group was performed with the use of magnesium sulfate as follow; first with an infusion of 4 g magnesium sulfate 20% and then 2 g/h continued, then they were followed till delivery time to assess the response to treatment. Term and preterm delivery as an outcome of tocolytic therapy was the gold standard assess the response to treatment.

The sample size was calculated using the comparison of proportions formula with two-sided log-rank test, α = 0.05 and 80% power. Statistical analysis was carried out with the SPSS version 20 (SPSS IBM, New York, U.S.A). Demographic and biological measures were analyzed descriptively using means ± standard deviation for continuous variables and number (%) for categorical variables. Chi-square test was used to compare categorical variables and independent sample *t*-test was used to compare continuous variables. For serum IL-6 and IL-8, a receiver operating characteristic (ROC) curve analysis was used to establish the cut-off values that optimized the prediction of preterm labor or response to tocolytic therapy. Sensitivity, specificity, positive predictive value (PPV) and negative predictive values (NPV) were then calculated. In addition, areas under the curves (AUC) were evaluated for all study tests. A two-sided *P* \< 0.05 was considered to indicate statistical significance.

RESULTS {#sec1-3}
=======

The mean age for the samples was 27.8 ± 4.5 years old. All women from the control group delivered at term and 59 women from the case group after successful tocolytic treatment delivered at term, but 16 of them despite tocolytic therapy delivered prematurely.

[Table 1](#T1){ref-type="table"} shows the comparison of sample characteristics and the concentration of IL-6 and IL-8 between study group and control group. As shown, age, gestational age, history of miscarriage and gravidity in both groups were similar and there were no significant differences between case and control groups for these variables. The concentrations of maternal serum of IL-6 and IL-8 levels in women with symptoms of preterm labor were significantly higher than women with term labor.

###### 

Comparison of characteristics, and the concentration of IL-6 and IL-8 between study groups

![](ABR-3-126-g001)

Relation between gestational age and IL-6 and IL-8 levels was assessed by Pearson correlation coefficient in all patients and case group. The results showed that Pearson correlation in all patients was−0.038, *P*=0.64 for IL-8 and 0.024, *P* = 0.77 for IL-6; also, Pearson correlation in case group was−0.178, *P* = 0.13 for IL-8 and−0.082, *P* = 0.48 for IL-6.

To determine the critical values that could predict preterm labor, ROC curves were generated for IL-6 and IL-8. The curve constructed for IL-6 was \>37.9 (AUC, 0.674; standard error \[SE\], 0.043; *P* \< 0.0001) and \>9.5 for IL-8 (AUC, 0.773; SE, 0.038; *P* \< 0.0001), indicating a significant relationship with preterm labor \[[Figure 1](#F1){ref-type="fig"}\]. Cut-off values and other predictive values for IL-6 and IL-8 to predict preterm labor are shown in [Table 2](#T2){ref-type="table"}.

![Receiver operating characteristic curves for maternal serum interleukin (IL)-6 (area under the curve \[AUC\], 0.674; standard error \[SE\], 0.043; *P*\< 0.0001) and IL-8 (AUC, 0.773; SE, 0.038; *P*\< 0.0001) levels for predicting preterm labor in pregnant women](ABR-3-126-g002){#F1}

###### 

The prognostic value of evaluation of maternal serum IL-6 and IL-8 for prediction of preterm labor
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Based on results of tocolytic therapy women in case group were assessed in two groups; women with successful treatment (*n*=59) with women with unsuccessful tocolytic treatment (*n* = 16). Age, gestational age, history of miscarriage, gravidity and serum IL-6 and IL-8 levels were compared between these women, there were no significant differences for age, gestational age, history of miscarriage and gravidity. In women with unsuccessful tocolytic treatment levels of IL-6 and IL-8 were significantly higher than women with successful treatment \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison of characteristics, and the concentration of IL-6 and IL-8 between cases regard to response to tocolytic therapy
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[Figure 2](#F2){ref-type="fig"} is a ROC curve describing the values of the serum IL-6 and IL-8 levels in predicting response to tocolytic therapy in women with symptoms of preterm labor. There was a significant relationship between serum IL-6 and IL-8 levels with the response to the treatment in cut-off \>45 for IL-6 (AUC, 0.894; SE, 0.042; *P* \< 0.0001) and \>171 for IL-8 (AUC, 0.864; SE, 0.059; *P* \< 0.0001). Furthermore, the sensitivity, specificity, PPV and NPV of an elevated serum IL-6 and IL-8 levels to predict response to tocolytic therapy in preterm women are shown in [Table 4](#T4){ref-type="table"}.

![Receiver operating characteristic curves for maternal serum interleukin (IL)-6 (area under the curve \[AUC\], 0.894; standard error \[SE\], 0.042; *P*\< 0.0001) and IL-8 (AUC, 0.864; SE, 0.059; *P*\< 0.0001) levels for predicting response to treatment in women with symptoms of preterm labor](ABR-3-126-g005){#F2}

###### 

The prognostic value of evaluation of maternal serum IL-6 and IL-8 in preterm women for prediction of response to tocolytic therapy

![](ABR-3-126-g006)

DISCUSSION {#sec1-4}
==========

One of the most important challenges in modern maternity care is the prevention of preterm birth.\[[@ref2]\] In the presented study, several cytokines were detected in the serum of pregnant women to assess the correlation the concentrations with preterm labor and response to treatment in pregnant women. In this study, a marked correlation of elevated IL-6 and IL-8 levels in women with preterm labor was observed when compared with healthy pregnant women, whereas the best cut-off values of IL-6 \> 37.9 and IL-8 \> 9.5 with a sensitivity of 29.3, 81.3% and specificity of 98.7 and 60%, respectively, were the best values in the prediction of preterm labor. In addition, elevated serum IL-6 and IL-8 levels in preterm women with successful tocolytic therapy were markedly higher than preterm women with unsuccessful tocolytic therapy. We find that cut-off values of IL-6 \> 45 and IL-8 \> 171.5 with a sensitivity of 75% and specificity of 94.9 and 96.6%, respectively, were the best values in the prognosis of successful tocolytic therapy in preterm women.

Similar to our findings previous studies\[[@ref1][@ref17][@ref20][@ref27][@ref28][@ref29]\] found that significant increase in the serum levels of IL-6 in patients with preterm labor was observed compared to the control group. Furthermore, von Minckwitz *et al*.\[[@ref14]\] showed that maternal serum IL-8 concentration in patients with preterm labor was significantly higher than term women. Either Alvarez-de-la-Rosa *et al*.\[[@ref30]\] noted that the concentration of IL-6 and IL-8 in preterm women were higher in comparison to those who were not in labor, although this difference was not statistically significant. Dissimilarity to our findings in another study Bahar *et al*.\[[@ref20]\] reported that between women in preterm labor compared to term women there was no statistically significant difference in maternal serum cytokine concentrations measured. The differences in assay methods or differences in the sensitivity of different kits may be clarified the variations between results of these studies, however, most of these studies in agreement with the present study showed high levels of IL-6 and IL-8 in preterm labor compared with term women.

The association between maternal serum concentrations of IL-6 and IL-8 with early preterm delivery, have explored by few studies in women that are at increased risk for preterm delivery. In a nested case control study, authors reported that for preterm birth before 35 weeks, maternal serum concentration of IL-6 was not a significant marker.\[[@ref31]\] Moreover, this was in disagreement with our results. Another study suggested that elevated maternal serum concentration of IL-6 is a risk factor for early preterm delivery before 32 weeks.\[[@ref19]\] A study done by Vogel *et al*.\[[@ref15]\] found that before 35 weeks, high maternal serum concentration of IL-6 was associated with an increased risk of spontaneous preterm birth. Either it is reported that serum IL-6 seems to be a biomarker for the identification of women with preterm.\[[@ref32]\] In agreement with these studies results of the present study showed that serum concentration of IL-6 is a risk factor for predict preterm labor before 34 weeks. Whereas at cut-off value of IL-6 \>37.9 with specificity of 98.7%, PPV is 95.7% and investigated that this value can be used as a suitable predicting marker for preterm labor.

IL-6 and IL-8 can be measured in serum using enzyme-linked immunosorbent assay techniques which gives the opportunity to detect these cytokines easily in routine practice. And evaluate their impact on preterm treatment results can be useful. Therefore, in this study we hypothesized that response to tocolytic therapy in women that are at increased risk for preterm labor can be predict by evaluation of maternal serum concentrations of IL-6 and IL-8. Our results showed that serum concentration of IL-6 and IL-8 are good marker to predict response to tocolytic therapy in preterm women before 34 weeks. And both of these markers have good specificity and PPV at and reveled that cut-off values of \>45 for IL-6 and \>171.5 for IL-8 can be used as an appropriate biomarkers values to predicting response to tocolytic therapy. Due to deficiency of research in the evaluation of the probably role of cytokines in prediction of response to tocolytic therapy in preterm women and importance of prevention of preterm labor, results of the present study can be noted as basement for more researches to finding possible relations.

In summary, our observations suggest that the assessment of maternal serum concentrations of IL-6 and IL-8 can be used as suitable biomarkers for predicting preterm labor and response to tocolytic therapy in these women. However, this observation needs further studies to assess more than these biologic markers as predictor.
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